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OBSBRVATIOIf or tRB NBW' SHORT-LIVED PAR'l'ICLBS 

IB inlCLEAll BlltJL8IOlI BlPOSBD '1'0 PRO'1'OJfS WITH 

TIm .OOB'rUM 400 Oev/ co·) 

•• Il.Chem;yaT8ky, A.A.Komar, a.I.OrloTa, 

B.A.SalmanoTa. Il.I.Tret;yakova 

LebedeT Ph1sical Institute. Mosoow. 

Alletract. 

As a result of scanning up to 1000" the neighbourhood of 

the 1120 stars. produced in nuclear emulsion by 400 Gev/c pro

tODS, after careful analysis 9 secondar,y stars were eingled out 

whicb "ere interpreted as deca1s 01 the oha:nlled partioles. Mass 

values of the deca11ng particles agree with this interpretation. 

All decays took place at the distances not exceed~ 100J'4 fl'Om 

the primar,y star. EstimRted life-time ot the decaying particles 

is 2010-14 seco Cross-section per nucleon for the chanued par

ticle production from this experiment is about 120 j\l b 

If)	 Preliminary results of tids investigation were treated in 
the diploma work of B.A.Salmsnova, Moscow University,
Deeember 1977 (unpubl:lah"ld). 
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I. Iniroducticm 

,Dudne; past few years a number of anomalous events in 

nuclear emulsions bombarded by the protons with the ener~ of 

hundreds aev haa been observed that could b.e aaonbed to the 

production and decay of the charmed particles {1-4] • Although 

th, stati·stics of such events was rather poor esti_te. indi

cated that the oross .ection (per nucleon) of the processes 
t.h 

causing these events GIN was not too small and equaled 

approximately 100 J"b • (Different estimate of the cross 

section of the charmed particles produotion lUlS been given 

in the paper[s] about which see below). 
,... ,h 

Mentioned aboys value of the crosa section UN recentl,r 

seemed to contradiot negative reaults of the ecuoter experiments 

searoh for charmed particles production in hadronic interac

tions [6-8J • whioh were cOMMonly interpreted aa eVidence of 

the small value Gr (~4 J'lb) • This interpI"\!tatlon 

was, however, dropped with establishing of the &~ll values of 

the branching ratios af thOse decay lIodes of D,- IIIftsona (KJI , 

H1\f1 ). which .ere usually selected fin tnllir search in COUll

'tar	 experiment.. With account of th'ue branching ratio value .. 

G c h 
existing data. of counter experiments do not rule out '" on 

the level of tens D1icrobarn. 

The additional very serioul evidenoe for the considerable 

G 
el-. 

values of J'{ :follows from tbe recent llxperiments on dir.ec;t 

neutrinos [10-12J ,under assumption that they originate from 

the d8C87 of the cham.\! particlee produ0il11n badron:l.c c0111

RonS. In the l1@:ht ot tb••• datil indicatione to high 'mlues of 

(J;h obtatue4 "'rUe!' 1ft lIIIUtdcm up.rlJtenb shOUld be rllll

wed quit. differ.eutl;. 

It hal blien menti.ODed alrlltld1" thBtthe rellUlt s of [5J are 

in contraet Witl tbe re.,.lte of othu nuclear ~lsiort ~rlcs. 

The author6 of t5} g$1'8 the 11Jid.t 6 ')' ~ 1, 5 ~b	 • 11; seems 

1:0 u. that thh c6J1011liliea 11 :lnAlUf'fio1ent17 _oUnhd because 

eeleotion crit~ri., adopted iD (5) • had some 4isput-able po
iDts. For.instance. 

1. $li V'S that had an 8n81ebetween the traok8 (.3° were 

treated a. e·~-' - pdr. "ithout analysis or the nllture of 

the particle. (tn Part~oular without etu~ing energy 10s8es 

along the tracks). 

2. all narrow groups of particles produced in,seoondary inh

ractions were not conalderGd among possible candidates tor th. 

denay8 of charmed pa~ticlee. 

Thes. two criteria could eliminate Irma the sampl~ g oons1

deI'S"le parl or the • .,entB with thll produoed cham and henc~, 

r-:' eh 
lead to underestimation ot ~~ • An e"l'idence in favour of 

this suggestion is the deUn:l,te exoess :!,n the sample of the 

"cl",an" secondary stars originating trom neut:ral partJ.clef! 

whicll. however, il!l not discussed in the paper-, 

Being 1nllpirflld bY the IndicationI'! "f the r",lntlvely	 high 

I 
" 

\ 
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rate of oharmed particle produotion fo110win~ trom at least 

part of the emulsion works,including our woritl 1J ' about a 

year ago we started a systematio search tor the short-liTea 

particl•• in nuclear emulsion irradiated by 400 GeTlc pro

1;ons. the aill of this work we8 to increase the.tailstiet of 

the Ivents, Which could be associated with charmed particle 

pro4uctioll and to make an estimate (if it would be p08sib1e) 

of their lire-time. 

II. Experimental methods 

1. "18iol1. eXllos1tioa W M!.r'Wtt 

'!his work hae been perl'ormed with the pelliclee of the 

BR-2 nuclear emulsion irradiated .b)' 400 OsT/o protons at 

RAL. The protoJi be!'llll was incident pllrallel to the emubion 

plane (within 2.,0-3 rad aocuraC1). Its intensity was 

( 2,4 ).104 p/cm2• The angular IJpread of the beBlii was about 

10-4 rad. Tbe peilicle Bi~e was 1OX20 om2, it,thicknesa 

(bllf.'Jre development) - 550 .. 600,. • The sens1t1v1t;t of thh 

batch of the emule10nll to the relat1~stic tracks lfBB 26 grains 

per 100fl • To detel~n9 the ~xtent of distortions the plates 

were exposed to the beBm perpendicularly to the emulsion plane 

and the plat.~A with minimal distortion were chosen for the 

l'xperl.men.t. 

The searoh for the interactions along the tracks of in01

de~t p~ot~nR and anAlysis of the produced stars aimed at 

rie1<:l.ng 01.\t I'hrs with utt11BUal prop~rtles have been carded out 

Withthe help ot 01-9 llioN.oope at uplt1caUon 60%15x1. 

!Uriher anal,si. of ·th. eveat••. measure-ent. of ansI•• , aoaenta, 

ionisation of the lIIeoeBUry ":riiele. baTe been perfo:rmed usin! 

1SM-1 mioroscop•••.fh. I80IUllta of the seeon4sI7 fe,rticles were 

.easured b1 Mdltiple OoUl~b aoattering With mean acc~~y 

15 - 20 per oente. 

,. 2. 1t",4 01 .... . ..... 

In the proe,•• of tIilllid.oJ1 .canning 1120 pr1u17 p:raton 

interaction. (par" be." ben tiJ1in4. In ••a1'Oh f"r ,;eoondaI7 

interaotions or deea". of arho:ri-lhed part:f.cles th& fOnlard 

cone of the stars ft. cihfUl1J eX8lll1ned up to the 41stanees. 

.. :t • 1000.1' 

• V • t 10" 

l t • t 501< 

where :t - ash ft. o1':f.nted along the be. direction, 11 
axis lal in the emulsion plBBe, and t - axis wall perpendioular 

to them. ValullS A ~ , ~ '!J and Ii ~ correspond to the lIIaxi

mu& angle of part1cie filcht relative cone axis t 4°. 
Th. lIcanniil,g was carried out along ~ - axiS in banda, 

100~ wide each. The secondary interaction was consider~d as 

possible cand1d~te tar decay, proTided 

1) There were no black and grey tracks recoH nuclei !l.Ild 

j! - eleotrons 

2' the nWftber of relativistio particles nS was even or odd 

-;. 
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depeud1zl& on the chal'~e ot Ii decayiIl6 ~rllcle ( 0, t 1 e ). 
It the secondary interaction or decB1 took place inside 

the oxamined band, Doe could eee a typical picture presented at 

Jig.1. It intel'action or decal took place in tAe previous 

100~ band, thi. could be established bl .he presence of the 

group of tracks ~ich intersected the tracks from the primary 

star and visually seellled to meet at the point, dif'!erent from 

the star ve tox. In cases when such tracks .er. found in the 

fi.ld of microscope vision, they .ore fo~low.d back to the 

star up to the point cf their intersect~on. fbie method allo

wed to detect secondar,y interactions in which particles tlew 

out at the angles Etl~10-2 rad relative the di~.ction ot 

flight of tho particle, which generated the ennt. 'fhe COOr

dinate. ot vert,cle of the secondary stara ware fixed l'olati 

Ve the vel'tex of the primary star. 

3. Search @9~od R1 narrow X-eveat',
 

related to the prima.,. stu
 

Inside of the 13cAnlled area. ,two oloee" tracks nearly 

parallel to eaoh other, havini 1lI1n1Dl1Ull ionbation and d;l.rec

tid towards the star vertex .ere looked for. After being 

found these tracks were traced back up to ~he y.rtex ot the 
, 'f 611 I ~ V-event. Then angles = n: and Q.:: ff were calcula

ted for the 'V-event vertex and near-by point along the tracks 

It -tthin' experimental errore theae anilea ooinoided V-event 

was consideredae related to the prt.ar,v star. fh1s method 

allowed to debct V-eventa with oPflniJl& angle ~ 0,1 rad. 

It 1t was 41tf!oult to establish Visuall1 the position 

of V-eveJlt vertex (clue to a larae nUlllber of other traoi:s) 

theJ1 ,,~ '- aoorll1nates of 1;he l1elpbou:ring track. were Ille,,· 

s~rtd in equal distanoes and t~ the re.ulta of these meaeu

r8lUlnts th, intereectiOn point ( V-event vertex) has been 

foun4.A sfOlh..UO drawiDS showing th1spl'Ocedure of V

ev~nt aearcb 1, presented at P1,.2. -c , , ' " a,naly8ia of 
the .+e- - pair. were singled out among v:.venta b,:;r 

.,ecitio tnt.#1atiOJl of the openins anales of the tracke and 

their aOlllentUill and ioniaaU.on values. Typical opan!n& angles 

for the main parl of theY-events are ~ 10.2 r&d. Such ~.. 

he are characteristic of the e+e- - pairs in which at 

least one at the cOlIpol1ents has enerQ , 100 Kev. thi. 8110ws 

to identlfJ e8sil1 tIP_uf the particle torm1ns V-event 

llecall.~ at 100 lev eVen fc"" • mesons have increaaed ioniza

tion. 

InoNn to exlude 11111taUons ot tho. secondary 1nhrac

tion~f due to the fluctua~ion of the grain density, measure

ments of the ionization along the tra~ko of the primary pro

ton. have been made and p~obab1lit7 distributions for fin

ding certain aRlOut of gra1ns in intervals 15J1 , 30...~ , 45Jl 

and 6014 have been constructed (F1g.). 

t 
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III. Ixpor1llonbl dah 

1. General ~ and ol..altication ot' the .vent. 

... a rollUlt otthe ual7.1. ~t 1120 pn-q atar. 14
 

1I0conQaJ'f atar. wUh Illaok &Dd gr'7 track. ban boon found:>
 .	 . 

_t aareod1J1,tl1 espootaU011I. Bo814.a tat .1 .econdal'J 

otar, of t~e 0+0+ n, t7pe .en tound. *18 the expeoted 

DUallerahould oo~t1tute 1/10 of the nuaber Of .ecoDdar,r 

,otar8 with blaok and are, traoko, 1.e. 1-1. GeIleral Charac

teristi08 ot th••e .taroaro given 1n fable 1. !hese 810$1'. 

booamo tho ob~eotot turther anaqat•• In th•. proCUB ot thi. 

,analys1a' 

1. ....ellts lIo 10 and 10 16 .ere excluded troa the po.ailllo 

can4:ldli\tes to the chafBIod partiCle deca)' bocaua. evont 10 10 

had a traolc wi1h a larso deep anale and a tno of tho ovent 

10 16 could not bo detormined (o1thor 400'1 of the neutral 

,parUclo	 :l.Dto two ohara8d oneo or deO&7ot tAl! oharged par

ticle 1Jlto tbree .oharged product.)· 

2. o.,.nt 10 1 tumecl out to be ~ ca•• ot the eie- - pair. 

produced b7 hadron in the OoulOJlb tieldot the elllllls10n 

nucleu•• 

). o.,.nts Ho 13 and 10 1a, a. it llee&lle clear, nre connechd 

with the cas18 when 0 - quantUII o~ng out_the priJlla17 

eteu: produced e+e- - pair in a cl0.e Vio1n1t70t charged 

~I'ticle track. 130 that with1n e:Ep,rimental accuracy the pair 

'J1nclUding 2 ,tare. generated by the D,utral particles 

"") I 

~' 
I coI 

.~ 

'J! (C:
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'(,rtex seemed ly:lng on the track. Bsture of pair oOUlponents 

was established by oharaoteri.tic euergr 10'.'8 along the 

tracks. In this ca... r - quanta flew .,.eiT c10•• to the 

chargedparlicle traok (angle , 10-3 r&d ). 

4•. e.,..n1;8 1010 1,2,3,.,11,14 and 21 turned out to be formed 

by ei-e--paU'a nth laq. op.ning angles. 0,4°.0,5°. 1,)°, 
o0,4°, 0,50 • 0,5°, 0.50. o,e • POI' thi. reaeon the•• e.,.ante 

were f1r.1o cClllIl1d,red a. ha'l'1nC hadt'Olll1c natud and on17 ao

IIleIlt- ••a81lrilll e.t\d ....eial17 lllrlebl1lhiq 'of the IlliDlUDtua 

ohanCe Allowed to 14entift partiol'. formdns peir. 88 elect~ 

rODI,. 

,. ..,.ent. 100e. 5.6,8,9,'2.1~9,20 .'1'0 attributea to the 

4eoe18 of the ehort.,.l1...... partiol.. (the,- .:1'. _rlt.a bt * 1n 

!.bi. 1h file., .nn1o. hoot. 111to tollowiDI croUP.· 
a) bo deoq8 of ~. chat-Iod particltl into three clulrged 

OlU'. (type o+o+3P, ..,eats 10 11 and 10 19) 

11) foul' 4eo~11J of· 'he tlcnat1'll1 particle 'into two charS.lt 

otte. (tn- o+o+b.....eat.l'o 6,12,15.20) 

0) three deoa18 of the neutral part101e into four oharged. 

one. (type o+O+4ft, ,.entl 10 5,8.9). 

i. Deoa,. ot tbe 0+0+3p type 

fhe target 41alJ"8ld' for the .tar. in whioh 1JU0h 4eoa1_ 

were found (ennh,lo 11 and 10 19) are shOWb. in Pi,' ... 
and 5. 0haJ:eohri.t10. ot tbe dec~ pro41l.o1:lt aro 11"'. 1n 

FERMILAB-CONF-78-136-E
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1'eble 2. the decy. oCC\lredat the 4btano•• 90".. and 6'14 
from· the pri_17 .tar. In both ca.e. 4lreotiOlUl of flight Of 

the aecaf1nB particle an4 ita deca7 produot. 40 not c~trad1ot 

the Il8lNil1ptiouof allls.nce ot the neuh..l Qc. prolluote. '08

dbll Tanants of the 14ent:lt1oaUon of the deca, produots and 

eorre.pond1n, Taluee ot ma•• of the decanne parUOle . an 

shown in 'able 3. 'rom the fable 3 it is clear that it oue 

a'l!lU1I\t. pre.ano. ot barron _011« the 4eclLf product. OIle gets 
.. . 

in .ome variant. tor the iIIa••e. ot the deca11Jigpa~lc1e. 

Taln•• (underlined) cl08. to the U.8 ot cha1'llled baf'Joli. In 

oorabiiiaUon 1d.th the ahct'1 deoar 1eD&th tid. fa a ·••rious 

indication tbat theee eTenh ari the examp1e. of the chamel 

partiol. declLf•• fhis COJ:lolu.1oa1s a180 II1lppcrled b, the 

elitiliah ot th. nUllber of 'econlia1'1 .tare of tlte t11'1 0+0+3p 

.%peotell 011 1 ... 1il all obsli".4 star~. 
. . 

MIf1!I 1IU1Upl1cit, of the ohar8e4 r.lethbtic ,arUche in the 

fornJ.a cone (&L~40) 18 {l1s) ~ 6 (this 18 me·snt !if 
.esone). Bft.ctt•• total lentth of all track. e~edln thi. 

expertlllent hLeff • 6·U20.,0- em • 672 oli.· A .ean free 
' 

path for inelastic interaction of the plone in the ~l.ion 

is LInt • 45 Clll. the total 1'lUIIIber of eeoondarr .tar. i. 

·~hu. le« - • 672 / 45 • 15. from tbem "dean" .tars 
~ 

con.titut. 1/10, i.e. their number stiould be equal 1.2, 

&114 fn.ct1on ot the 8tar8 of the 0..0+3p type BCOOrdint to 

the nuclear emulslon data 18 about 1/5 + 1/10 ot all "clean" 

8iar•• Thie make. their number ~ 0,4. 

"'" 

Observed events of ihe O+O+)p tlpll are raiher "narrow". Ifar

;1:'0" flying groupe. ot panicles usually originate in the pro

cess of coherent generation on lIIIlUlsioD nuclei -. Pree path }\(oh 

for coherent ~ere.Uon ot the triplets "ith f Sin 9i < 0,4 

varies (tor different energies) from 16 to 75 m. Let us 

take ;\~. 40 III. Then tbe eXpected number of narrow 0+0+3p 

.tars is 6,1/40 a 0.1,~.t 1. much le9s thBn the observed 

number 2.
 

Let us notice that total e8timated number of .econdarr stars
 

(15) is in good agreement with obserVed number 1t+O,1·12 =1). 

3. Decaf. ot the O+O+tn type 

!'.he target d1a~ ot the correeponding.•tare (evente 

BoWo 6.12,15,10) are pre.entea in Plg" 6-9. Angles and .omenta 

ot the partida. fonaiDi V-Ivent. are ginn in Table 4. v

events originated at thlld1.tancell 25J'l , 29 J'f ' 35 J" and 22 J'f 

froll the centre. of pr1Jllai7 dars In all ca.es data agne 

with abaence ok neutral d.08~ products. 

Pos8ible valueli of maS88. of the 4ec&rins particle. under 

.verieue assumptions about the nature of -the 4e087 prodUCts are 

ginn in Table 5. One sh011l4 notice that in 08.ell when barron 

le present amons the d8ca, products masslls of the decaying 

particles in e~. variants (underlined) are clo.e to the ••• 

of the charmed bar10n ( 2.25 OIT/c2 ).Tbie peoul1arit, of the 

analyzed eTent. a' that for the 4ecB78 0+0+3p was con.1dered 

FERMILAB-CONF-78-136-E
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~l us a& an eV1dence in favour ot the detect1o~Cha~.d baryon 

decay•• 

Specific background tOr hadronlc 'l-o·...nis arises from the 

KJ -- jff:jf- and A... p!fi- dec.,•• Tb~r co~tr1bui1ol:1 h 

however small. To ovaluete lt ww have included torabl, 5 the 

deca;,. modesl flfi .andf)5i .• One can aeethat 1n case ct the 

'it" llIode oni;,. .for the event 10 - 70 -'0 we obtaln J,nva:r:l.ant 

_as cloae to K; _118. BnerQ of the 40caJ1n4 particle in _ 

thill case 1a equal 45 <lev and r. ~. -:; 90. Cor;respondJ.A& 

decay length 01 K; is "" 250 011 ~ prollabil1 ty to . 

detect its deca)' on25~ i& equel 10-5, i.e. extremoll ~ll. 
. " . '. ... 

Another waf to lee that the background due ~o K. -- !ii+jl

decal~ 18 noslisible 1a to estimate ~he expeoted number otk:
deca)'s on the dlltanooot the order 1014 in all obaerved .tara. 

~ak1ns into acoount that on the BTnll,. 0; 1Xl dooa;,.inl 

into 5h+51- 1s produced plr .tar (aooord1ng tC{l)} ) and 

<~ KO}. ~ 10? tor the expected nUllb.r ot )(1 we get valueo $... . 
lusthaa 1120.0,1' 32;10- ::::: 10-2 against one poasibl. 

Oll1:ul:l.dAt,. !l:he probabllit)' ot such Iknat10n trom the expeohd. 

naber i.e alltf101ell:t:\.1 8IIlIlll.!he sttuaUon with the 1\.. prc
4eoa, 1a analogous. Por this decal in all cases W8 can 1104 

~riant. 011den1;111ca1;10n giv1ns invariant mas. 0108e to 

1\ - IIlaS8. Bl1l this o1rcUlJlr"Btanoe 1s JIlOst proba'lll, the 

acelden1;al obn~elluence of the modl8!itWll combinatorica. Indeed 

eli ta. average onll 0,1" is produced per .tar [13] and Ire 

0811 put t A :: 10 (for the oouldered events provided the:r 

f 

.. 

"-


are genu:!.ne A - deca;"8 if" would vary frolll 4 to 40). Then 

for the expected number of 1\ - deca;"iJ (A .. pJi-) in the region 

2Ct >5/4 tor all stare .eget 1120'0,1. 15iAO-4 0,6 l:: 10-3 

while we o~served 4 events. Thus these events should have origin 

not cOlmeoted lfith 1<; and 1\ - decaytt. l'oes:l.ble baokground 

caused by neutral badrons will be diSCUSsed below. 

4. Decays of the 0.0+.4n ty.pe 

'Par6et diagna& ot the stara, c.ollia1n1ng these deca)'s 

(event••o~o 5,~.9 01 Ta~l. 1) are 51ven 1n ~16'a 10-12. Ansle. 

and lIlOmenta of the deca,' products are presented in Table 6• 

The deoays acoured at the d1stance.28JU , 721" and 12.... from 

the star centre respectively. All deca;,.. of the 0+.0+.4n tYP3 

have additional peculiar featurea. In the event Bo 5 (10-70-002) 
Qie,t the p!l'Udel 'tIfck li21ka

"rt1"ll.n8~01'llle in iSll')ii ~n o~hl'e. C rsed onea (star of the 

o.O+3p type). 'rhe probability of interactioJl on this lensth 

leading to a "clean" trident is equal 182:i6o-4 ',0-2 
1l; 4"0.6• 

In the event No B ( 10-70-148 ) one of the decay product. (track 

N~ 3) i~ Identified as an electron. Be.ides on the track No 6 

ot the other decay product there 1s a kink at the distance 

195J'1 froJJl tba decBl point. Prohability ot hadron scatteri.ng on 

the length 195/4 is very SJIlBll (<: 4.10-6) IL,d one of the pos

sible explanation of the kink - registration at the 'decay 

t:-.Nf( ,thoue;b probnb111ty otll1lch decay 18 __:>.·,0",3. In 

the event No 9 (10-70-213) decaf particle No 7 turned out to 

b.e an electron. liIoreover 1t wall eetablished that particle No 1, 

FERMILAB-CONF-78-136-E
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coming out tro. the centre at the pr~ etar ie aleo an ellct 

ron.
 

Pecultar teatures of the events loRD 5.8.9 ~••crlbI4 above. in
 
particular presence of the l!D&le electron. ~ lecondariea,
 

indioah to the nontrivial ori&1n of th... .nuh and .h"onall 

favour the 1de. that t,e, are DODDecied with ~ke 4eca'I at the 

chImed parUol811 Un two o..ee 18lUlept.:tc boare). 'or the 

mase.. of these decal1n1 particl~. on. C4D Siv. Onll lowerboun

dary, because in thl evente 10 8 and 10 ~ ~e Jh~~14 lugsest 

presencI ot the neutrinos and in the event 10 Star one ot the 

dsoal products (track 10 21) lIIOIlIentUII ha4 sr-tUAcertaint7' 

(Anall.1. showed that in i 1;8 tnaaefln.Uo*, btD three parttcle. 

neutral particle ie also involve4),-W.'erthele...... e.t~te. 

made tor 41fterent id.ntifioation. ot the.deoa, Produot. lB.e 
2 .' 

value. 010•• to 2 0"/0 (•••• tor •...,1•• fa'le 7)"ith 

account ot possible ~r.ron1c nature of to. track' No 6 1n the 

event 10 B tbis event a08t naturallJ cou14 be treated as dec81 

of the oharaed bar.ron. Bvant. '0', .n~ No ~ could be' connected 

either with ohal1lle4 lIlel~ or b&1'1~ deo• .,.. 

Becondar; starl at the O+O+~anll.O+O+4u tnee could 

1n ~rino1ple be generated bl neutronsan~ neutral etrange par

ticles produced 1~ the primar,y Itars. 18t1..t.. howeVer show 

that I\'-ber ot secondaq stars troll tbh .~. 18 .-11. 

In f_ct 01\ tbe averase 0.3 tA8t.~trQfts are produced· per 

star. file1r tr,e path it 35 em. All o'b.er.-"d ..condArt star. 

are tound at Ueianoes. not exoee4!D& 100~ • 'lotal number ot 

. / I 
'<. 

~ 

~1J 
,
 

~
 

"J <D
 

secondary stare feQ.rated " neutrone on thi. length should be 
~eql1e,l -----,,---. 1120 S¥ 0,1. AYerase nWliber of neutral 

strBllge partiolea,in forwar4 oone 18 0,2 per &tar. Their free 

path :1.8 - 50 Clll. lfuaIber of 8ecorllla~ stars generated b7 th8l1l on 
~. ,

100 ~ 1. -----,0-- ·1120 c 0,04. 'fh\ls total nUJl/ber of ee

condary stare trom neutral ,.rilcles 18 0.14. "Clee.n" star. 

are only 1/10 ot ~h1s nu.bet, i.e. 1.4'10-2• And stars of 

0+0+2& and 0+0+411 tne•. tosether constitute 1/5 ot the nwa

bel' of "ciean" 8tar•• flnallf 1D our caa. upeeted m-blr of 

secondar,. stars frelllneutral hadrOna 11 3.10-3 6sainet 7 ob

served.. 

II. »i80u.don. 

I'fain charaoteristios of the o1l8erved decats of the abort

lived particles are auMMari.ed in fable 8. fable 8hDw8 the m08t 

probable (on b.sis of ".s elltilah8) deea,. 1I0de., errors in 

11888 determinat10ns, due to the inaoouracie. in tb. molllentwa 

meaeurerrienta and tllll. pa•••ct Ull deea,. in the re.t tl'Ule of 

the deca71n8parttolea. It ahou1d be noticed that It one assu

IRes chamed nature of tht decaJins partie!'. the _joritJ of 

the observed deci711 are that of ohamed barron•• 

Another pecul!aritJ ot the discusaed decay. 1a oo'llneoted with 

the fact that all otth" took place Within 100" frem the 

primary star centres. fbis· 1s a .erious ln41oation '" the or

der of magnitude of the life-t1me of the daoay1ng particles. 

On l1RElis of our date. we have made an attempt to dete:rm1ne 11.1:e

------------------------------------------_._.--- --
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time of the detected charmed particles summing up all observed 

caS8S ot decs)' in the integral curve ~crT). So~e jwstifica

tion ot this procedure i. the prevailing baryon nature of the 

decaying particles. The curve Af(>~ls shown in 11g.13. It can 

be seen that in sem:1.logarHhDd.c scale potuis are well fitted bJi 

thli straight line. l'roDi its slope one gets 1[0" 2'10-14 sec. 

Since decaying particles lIIight in gen"ra1 be different typel! 

ot charllled barrons (and in some cases lIIesous). rather small 

8pr.ead at the points around straight lins could lndicete to 

the closeness oftha lifs·Um8s of the different t;ypes of 

chamed baryons. Obtained value of 1:'"" 2.10-14 sec should 

be considered •• preliminary. It may be not quite correct be

cause 80llle decar events could be overlooked at large times 

(:respedively dilltanceo) espeoially when anglee at which de·· 

cay produots came out were large, and sOllie events could be 

Ids8ed at small tlmes tor which scanning is difficult. 

In eaoh of the cases described above the decay of only 

one particle, identified as charmed, has been observed. ~e 

only exception i. the event No 9 (10-70-21)). in which ther6 

1. an electron. collling out direotly from the primary star and 

possibly signalling of the semi1eptonl0 decay of the second 

charmed particle. Thus associative production was not reli

ab1J observed. One of the pOBll1ble reasoue for that is • 

shorter life-time of the second charmed partner (probably of 

J) - meson). For 7:XJ eeTeral times ·smaller thano 
2'10-14 sec the decays of ;:0 - lIle80DS will oocur il'l the 

.., 16 -

Ticin1101 of the star oentrs ( ~ 10,. ) and would be bardl,

recognizable. !hsre are indicaUoDII tbat this oou1d be th. 

oase in the eveDt 10 9 (10-70-213) and in the eveDt publiahed 

earaer[l]. 

In conclusion let u. touch upon the que.tion of the Ghar

.ed particle productlonoro••-.ection in hadroaia co111.1en. 

0) 
t 

""C:\ . 

resulting from our data. Aaaac 1120 .tarll we 4eteote4 , events 

wbleb "ere intvpreted •• oha:r;w8d particle "eca,.. (plu. po.

.ible svent. 10 10 and 10 16 excluded.s pre.entin, diffioult, 

for the anal78il1). Buoe tor aaclear _uldoll ratio of the.. .., . ,
yields ill V.. I V: =10-2 • rrca the exps~ntB on Iv 
produotion on nuaiei t14]1t tollow. tbat appron-hl,. 

y . V .. c C" ftC c h 
6,. = JJ6 II • Thi. allows one to a81U118. tllat QA =11 'ON • 

At t':",Bue t~e t~f'f&1lab1t data 15.16 she, that 

6 A ~.n 6" 
v c h 

lern I 
/yinot' 

em 

and at 400 BeT/o 

)·10~·2

. liDe. 

= 33 mb, one 

r.:- c tl 

~2'JH···. .' A 

~c.h
get. Q" • 

3~ mb ~ 120"" ,Thus croBII-seotion per nucleon for 

the charmed particle production in hadronio ocllisions eT&lu

ete<t'n ·the baBie at th. pre.ented data tum. oul'be about 

100JUb in the agre_ent with the data on direct neutrinoe 

{10-12] • 

The authors are gr~etul to the direotorate of PIAL and 

if'".:J \.\... 
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Table 1. "Clean" secondaq stara. 

luclear Pb¥s1ce D1vis10n of the Acade., at Sciences at the 

USSR tor their promotion ot the experiment. to Profs. L.Y07

v04ich and I.V.Chuvilo tor their help in the exposition ot 

the	 e.ulaioDsand to Mre. B.A.Krupetskova and Mrs. M.V.,yu

rina for acannins and measure.entB. 

Reterenoes 

1.	 A.A.Jo~r.G.I.Orlova. 1I.I.TretyakovB and M.M.ChernyavakJ ... 
8hetph.pi.-a 11.518 (1915). Jader.naya tizlka !!.529 (1976) -

2. l.Hollh:1no .t al. Pros.Tbeor.l'i!.Ja. U. 1859 (1975) •

). P.L.Jain. B.G1rard Pb,.~aev.Lett. J!. 12)8 (1975) 1
 

4.	 B.P.!ann1c at a1. Zhetph. pi..a !2.586 (1917). Ji.)99(1977) 0.(""\

5.	 G.CorelllUl.-Ba:r1rancl et ale PhI•• teU.W. 480 (1976) i 
'I'

6.	 &.Blntluser et ale Phya.Rev.lett. 11. 1)2 (1916)
 
W.R.Ditzler et ale Ph7••Lett. 1lI. 451 (1971)
 

7.	 J.C.414ef at al. Ph,S.Lett. 121. 401 (1917) 
8.	 M.A.AboliD. et ale 'bf•• tttt. 111. j55 (1978) 
9.	 I.Pel'Uad· et ale P~••Bev.LeU. Ji. 1)01 (1911) 

10.	 P.4libran at a1. Phya.Lett. lJI. 1)4 (1978) 
11.	 T.Han,i et ale Phys.LeU. m.. 139(1978) . 
12.	 P.C.BoaBiUet ale Ph,a.Lett. lJ!. 143 (1978) 
13. G.Oha.tlton et ale l'~s.Rev.LeU.J2. 574 (1913) 
"14. lI.tinkle7 at ale Phys.Rev.LeU. it. 571 (1916) 
15.	 ;.V.R.turthl .~ al, lucl.Phf•• Ill. 269 (1915) 
16.	 ,.Ju.u~ at al. Proo. at 15~ Int.· Cosmio RaJ Cant. 

n p 59 llulgarijl.(1977>. 

No Code nwabar !nI. ot the ~stance Tlpe ot thelJrlgin of the 
ot	 ihe eVlII1t . pdlll8X'7 to the aecondar" secondar,y

star starS8COl1clati'· atar 
istar (JIt . 

+ 1 0+0+2n e e -pair 
2 

O+O+17p10-66-007 155 
"_11
 

3
 
0+0+2nO+1+9p 7010-66-47 

"_It2708+h11p 0+0+2n10-66-95 
1,_"2+1+10p. 10-66-116 0+0+3n
 

5
 
404 
281{)-70-002 15+3+20p 0+0+4n • 
2, 0+0.2n5+2+1p6 10-70-90 •

h.+.

8
 

2$0 O+O+)p10-10-1227 N'h-711ls. ' 5 
'l+1+26p10-70-148 OHH4n71 • 

1210-70-213 1+1+7, 0+0+4119 • 
~~70o for 
0118 of tihe 
particle. 

11 

4+2+15p 78 0+0+3p10. 10-74-132 

.+e--pa1r 
12 

O+O+2n10-74-200 S+5+21p 595 
O+O+2n10-74-2)6 5+3+18p 29 • 

1) o+o+)p "·e-.pair
ovsrlapp1nB

4+0+)p 4)210-74-252 

with hadron 
. 14 e+e--pa1r
 
15
 

290.12+2+36p10-74-)25 0+0+2n 
C>t0+2n10-74-)41 11+7+42p 35 • 

16 100 C>t0+2n10-78-25 : KII""01~1 
or O+0+3p 

17· . 10-78-91 1+)+35p OiO+3p90 •
e+.--pe.1r 

overlaplins
18 O+O+)p10-78-156 J+l+9p 34 

with ha ron 
19 10-78-210 1+5+20p 0+O+3p63 •
20 22 0+O...2n6+12+17p10-78-277 * e+.--plllr21 10-18-211 150 0+0+2nR"h>10ln/1( 

" Ijo .... 
~: 

It -... 
"",""f 
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Table~. Angles and momenta at tne deoay producte 

Table 2. .Mglell and D101l&nta ot the deoay produots for 0+0+2n secondary stars. 
for O+O+Jp secondary 8tarll~ 

'Code r1Ul11ber 
of the event 

10-'10-90 

'JJUllber oC 
the track 

2 

J 

8 0 

0.55 

t.55 

VO 

31.6 

72.2 

JIoJlle~tWII 
(Gev/e ) 

. Jl+1l! 
- 6 

15.613.4

Length for 1Il000anFI 
meaSllX'lllent (DIIl\> 

- 46X ) 

34xx) 
. 

44.8 
5).5 

36.2 
41 

56.1 
18 

. 

10-74-236 5 
.6 

4.4
. 4.2 

54.8 
58..2 

2.e:!:0.4 
1.6:to.2 . 

10-74-341 4 
5 

2..a 
2.9 

297 
)03 

1.9:!:0.3 
14.6:!:2.8 

10-'18-271 4 
5 

3.5 
3·2 

. 55~2 

J'~2 

7.;11.5 
2.2!0.4 

,W 

O~d;-;;;b;;-·li;;;b;;-~ir;;-I--i;D-'-ii;;;;;;;;Ii,;;;;h-f;;-.;~;t~ 
of the event: the traokt f7 . '. (aev/c) D1eseU:rlIIent (lJIIII) . .~-----------'--------".----~f'.-_---.,..~...---.----_.,J.-...__------ _ 

16 0.45: 11' 46:~g 49
 

10-78-210
 17 0.62 188' H:t2 48 
18 0.15 18T11.5±,.7 50 

. . , ", 

--------- ----- ---.-- ---9----- ------------------
1 0.49 29 27~1 '. 50 -....£..i o10-18-97 

---~----~~;~;-~~~;-- .~~~~~~~~--- __~ __;~ J 
) 

Tablll}. Invariant IIIIllIses toi' 0+O+3p deoays. ) AA'~h x the seoondary star Kh)8; n".,6 & seoondary star 2+1+8p 

Table 5. Invariant masses for 0+O+2n deoays. ------------All8Ullled 
decaf·ode 

-----------~----IllaIlS -------2~------------(Oev/e) . 

10-'/f;l';:97 10-18-210 

K2'Jr 0.8 - 1.) 0.8 - 1.3 

pK1i 
Kp1[ 
'pit 
tIp 
~p 

If'1lt 

1.8 

L.! 
2.5 

.w 
1s.2 
1.1 

1.7 

L! 
2.5 
2.7 

W 
1.1 

Xif: 
"-t~ 
!It~! 

1.1 
2.9 

&.! 

1.6 
2.7 
2.2 

ASlJUllled 
. decay mode 

VailS (Gev/e;!> 

10-70-90 10-74-236 . 10-14-341 
-

10·,78;..277-
CJt'IJL 0.51 0·30 0.29 0.28 

' .. 
K'll . 0.79 0.85 0.52 0.54 

qLf( 0.98 0.67 0.6) 1.00 

qLp 1.1 1.2 1.1 1.2 
pC1i. 1.2 1.6 2.2', 1.9 

-
pK 

Kp 

1.4 
1.B 

1.7 
1.4 

W 
1.6 

1.5 
'1,) 

r1l 
'*1: 

1.5 

b.l 
£.& 
1.5 

2.9 
1.) 

-. 
1.4 

~ --- 
't
 

'C) 
('f 

\0
 

------------------------------_...._-_ .......
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Table 6. Angles and momenta of the decay products 

for O+O+4n aecon~ary stars. 'labIa 7. I.uvar1aut 1lla81188 for O+Ot 4n decay. 

( 10-70-(02) 

~ 

.. 

ASSUllIad Mas" (GaY/ool:)
decay lIlOde lO--ro-()(;)¥ 

K{§'1 a.o 
~f(lf 1.2 

9t~H~ 1.0 

ii:~K 1.2 

n!i~ 4.7 

••B(I"9. ....

Il'.t 
2w4 
2.1 
2.1 

tQ.':
rJ.fd 
,~~tC 

"'~t:
KJt1
M~ P 

).9 
).8 

3.8 
2.7 
2.5 
2.) 

.-.. 'Ii 

. .Code nUJllber Number of eo lJfO Momentum Len~th rormomen~um 
of the event the track (Gev/e). measument (llII1I) 

17 1•.2 214 ).O±O.5 45%) 

18 1. ) 168 12.21:2•6 47 
10-70..002 1.8 

20 1.8 210 IJ •.,±).4 114 
21 1.7 176 18 0.182XX) 

J 0.59 301 0.69=0.2)8 2 

O.)6!o.02 25 
0.28:!.0.04e 6.)

10-70-148 p.022:!:O.OO7 s 1.2 

4 0.57 305 - 1.0±0.1 54 
5 0.68 )02 14.612.2 46 

£, 0.56 31) 3.5:tO.6xxx} 49 

5 0.)0 127 25:!:5 68.5 
G 0.28 149 ~10:!:22 7J.5 
t 0.30 197 1 7+1•8 40.5• -1.2 

4 0+1•6 17.5• -0.9 
0,17-KJ • 05 4 

-0.02 
10-70-21J o 07et O•02) 1.9• 0.015 

I 8 0.)) 196 ,~0110 . 92 

., 0·56 68 O. )7:!:0.07B 5.4 

t 
O.55:!.O.098 -).6t O.44±0.Oe 8 

7.4 

L 
O.19!o.O~ 6 I 

! . O.085±O.O15 J.e 

10.50 

0.11:0.01 8.5 
- 355 28t£, 94 

X)the geoondn.t"Y at"r 7':1+1:') XX)th~ 8ec~ndary star O+O+Jr 

7Y.K)After 19'5,.:. tl1!!T-'-' 1.s a kink (,9"1';19 1.5°), 'Nnnl mo.mentum. 

t~ .. 5:!:o" 6) OeIi l c , 

rnd.e~.' t U dC!jO-~f'IllA f .....,·:; ', ot. t:JcBtie,,·5..ng. 

~ 
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T~ble 8. Oharactere.tics of the 4ec41ins part~c18•• 

No Type of the Oode ev.numller Distanc•. ~v. t.;!f" .seoondart ~Ol the tNlll thl ' 8. 2 istar P 171 star P~fitif stax (08V/C) 

1 . 
lQ~18~10 63 ·2~a±o.) " 0.65 

, 0 .. 0 +3p I ( 1-1'5+20p) .,1.'-0 
i 2 . '10--78-091 90 2~1~.3 ,2~ 1.) 

(1+3+J5p) (K~PJ . 

J 10-10-090 25 2.l~.3 2a -. 0.4 
(;+2i-2lp) (..I.) 

'4 10-74-236 29 2.01:0.2 22 4.4 
(5+3+16p) (.1.) 

o .. 0 .. 2n 
a.)1o.2 '.5 " ; 10-74-341 35 a 

( 13+1+42p) , (p") 
6 10-78~277 112 2.5:0.4 ).2 2.) 

(6+12+1'1~) (JE;) 

t 7 10-10-002 2aX' ' + 
;1) 0.4,2.0.:.0.4 

(1;+J+20p) (IUl) . 
. 2.1!o.3 

o + 0 + 4n ( tlfi> 
8 10-70-148 171 '"J; ) 2.2to.) 8.8 " :/.9, 

. (1 t7+26p) (e.af£) 
., 10-70-,213 12 2.Sto.4 ' 67 ,a.oE,> 

(1+1+7p) ,.(.Sl)-

/ .. ' / -r;
/ . .. ....

/ ;:.: ~./ ..! ..:... ..........,:-.'......... . . . ... ..--.p ·~r:.; ..·.:.~·'!'· ... 
9 ~••••• 4 ••~., , 

~~.~ .... '" "i;l' ••••••••••••••••••

.q~::.~....... .
 
'....... '~.... ....'1'.11. .
 

...... " '- frtt..· - ,.. • . 
" h •••• __..~:: . "" ........ . , .
"'" .. 

( 

......' .' .... ....... ..i-«:
.... . . :;;:. ...• .... .. :/:...... . ".,4. ,II II ••~ ••~:: _ ~ •• " . ,....-;. c...,....-~· ..·········· 
~..»"'\v.~. ••••' .....- ••..•••••.•.•••• 
~: .,.' ;..:;::::-::::::.:::::: .. 

" .:."....... . .
 ....., ::~ 
_ 

.- .. : " - . ......... ~.... .. ...
 
".. ;,.I • ., ."..., -. -...... 

.... ". e• 
. .". 

11,.1 Soh.matto picture ot the; A - V-event I B -ch~r8ed 

p~rt1ol' 480&71 C - neutral partial. decaf I J)..ldnlt. 

),) At 121 Rla2~ from the secondar,r.tar there is a star O+O+Jp. 
'IX) ,b 16 • 195~ from the 8econdar,t star there is a kink 

(anal e 1.5~), tiqal momentum p& ~ (3.5!O.6)Gev/c. 

( 

-

r
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~%f, 

n ~ fiJi
."''l''~.. ..... ~. 

.... ....... ~
 ~/ tit 
... 

20/-r
.. .~ 

i . " ! 

n It 

I-5\ 

it
! .
 

4 

'It • 
I> o I., '5]1 fiF~' 'l(~, 'frn~ ~,.t:·, .t·, ,~--I 

1
... 

""~ 

:
l\1tIt 
C'W

~ 

I.C'I
~ 

.... ~ ....... !il ~
 ~ 

<(" 
~ 

ln, "_-_. . -... . . :".1 tt" , ,.1 t _.1 , ..- J. 

Jl'ig.). Probabilit)- M.trilntUou of the _1Ie%'- Il[ 8ft1iU1 

in d1fferent iutervals of the prt--r" tradks. 
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i£I.,!!£ p 1 , ,~ .
J.~ 

.If{} 

,F:1,.~. 

IfJ.,. 

6

:l tal 

29 

• 

JfI. l.f~ 
dol ~1""FSk~ ;:1j
~ 

" 

:.'tS• 
-4 -2,. 

~t di.~ of the a:t8lr 10-78-91 l'lfHllJ'1&-4
-6· ~he o.,,~ o+o+Jp (t~ 1,2.3), 

, 
-r-. 

.1.° ,j,,0 

20 .,-
"ft'.. ,. ..."F . . , 

:i 

It• 

• 
.lfD 

..jf) ...20. ·lD :rJ ltD 

.-& 

I 40••
.fJ 

-!2; .8 ..42. 

Pig. 5 ~et Itia~ of the .tar 10-'78--210 With 
.~• the den;y lHO+).p (t~ks 16.17.le). 
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'I
I , 

a•
•8 

:Pig..(i 2l*p:t; ..~ ot ~ star' 1~700!090.th 

J6•
:'iI 

•41

•II
I:>• 

",JJ' 

19• tJae'~ ~ (~ 1..3) • 

1.00-


•it
-2. -1 

• 
at• 

:Pi.s.7~t d;i.~m of1:he lttar 10-74;"'236 ftth 

tibe4eea:r .o.o+2:Q. (t:naeb 5.7). 

FERMILAB-CONF-78-136-E



~ 

{O 
6~.LP I
 

JD
 
\J2 

t 11 f,. 

(I I ::J.,. t" ., 
.. .,. 

, ~ 

~ I ~ 
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~, 
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it: 
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eu 

"'. J'4"!.-c 
~ 
e~ IF
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Pig.S Target diagram of the star 10-74-341 with ". .... 

b.
.",the decar O+O+.2n (tracks 4,5). :}I 
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J.' 
;, 

2 
22•	 !Jt•• If 

-!) . i 2 J 

.F1g.10	 ?arge1: tiasr- O'f the·.-Rx'. 10-70..002 

with the	 dec.,. O~ (t:racu 17.18.20.21). 

J!~f/	 10° 
~ 8	 ~('	 • e21 

~ 
-7j.-l~

j~ J! 
'r 

2- -Iff)-l -i• -eo!i 20 

~ 

.H 
~ 

j 
-a4	 •21 

--1 
Fig:. 11	 Target d:,i.agr1!Ull of the star 10-70-148 with 

the decay 0+0+4%1 (tracks 3.4.5.6). 
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